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Abstract 



We present the model for determination of pulsar distances or average 
electron distribution using a method similar to the widely used depen- 
dence of Ay on distances in different directions. To have reliable pulsar 
distances, we have used several natural requirements and distances of 
pulsar-calibrators. We have constructed dispersion measure-distance 
relations for pulsars in 48 different directions. 

KEY WORDS: PULSAR DISTANCES, ELECTRON DISTRIBU- 
TION, GALAXY 
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1 Introduction 



In this paper, our goal is to give dependence between the dispersion measure 
(DM) and distances (d) for radio pulsars (PSRs) in each different direction, 
similar to the dependence between Ay and distance. Naturally, degree of ir- 
regularity in electron distribution in the Galaxy is very small when compared 
with dust distribution. Most of the times, as a rule, a mathematical model 
for electron distribution is used to find distances of PSRs in the Galaxy. Us- 
ing such models, PSR distances can be found with much error. Moreover, 
some of the PSR distances do not agree with the models. For them, indi- 
vidual distances are given. This is natural and this will not change even 
if perfectly complete models are constructed and used. We determined the 
distances to PSRs by using natural requirements (which will be explained) 
and distances which are well known by independent methods. This provided 
us with the knowledge to construct DM-distance relation for PSRs and the 
Galactic electron distribution very easily and with much less error. 

2 Some Necessary General Information Which 
We Must Take into Consideration in the 
Construction of d-DM Relations 

1. As it is known boundary mass of the progenitors of white dwarfs 
(WD) and neutron stars (NS) ranges from about 5 M0(Lorimer et al. 
1993; Strom 1994) up to 6-11 M0(Weidemann 1990). We consider 7-8 
M0(Nomoto 1984; Aydm ct al. 1996) as a better value for the bound- 
ary mass which corresponds to main sequence stars with spectral class 
B3V. Error in this mass value (in spectral class) must be greater for 
NS which are born in close binary systems. 

2. According to Garmany & Stencel (Garmany & Stencel 1992) 75% of 
O stars and 58% of stars with spectral classes B2V and earlier, are 
born in OB associations. In addition, many young open clusters (they 
contain O or early type B stars and massive supergiants) are located far 
from OB associations. However, progenitors of PSRs may be located 
in regions where there are no nearby open clusters or OB associations. 
For example, near the Sun, within a region of radius 110 pc there are 6 
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stars with masses about 9 M© where there are no young open clusters 
(Zombeck 1990). Similarly we know that there are no O stars or young 
open clusters and also no HII regions, near the Crab PSR (Lynga 1987; 
Barbon & Hassan 1996). In these cases, where a PSR is located far 
away from young open clusters or OB associations, the progenitor may 
have a smaller mass of about 6 MQor it might be a runaway star. 

3. Sizes and masses of molecular clouds (MC) change in very large in- 
tervals (Patel & Pudritz 1994). MCs are generally located in galactic 
arms, and their distribution is highly inhomogeneous. Therefore stars 
may be born in small groups (open clusters-OC) and big clusters (OB 
association). One big association may consist of several open clusters 
with ages up to (5-6) 10^ years. This means, the duration of star for- 
mation in one large OB association might continue for such long times 
(Aydm et al. 1997). As the average life times of most of the single PSRs 
do not exceed this value, in such a short time positions of arms, big 
star formation regions (SFRs, which contain several OB associations 
and many OCs) and OB associations do not change in the Galaxy. 

4. Dependence of the number of main sequence stars on their masses has 
an exponential character. For different star formation regions in the 
Galaxy (also in Magellanic Clouds) the degree of this exponent may 
change from 1.5 up to 2.5 (Salpeter 1955; Blaha & Hamphreys 1989; 
Parker & Garmany 1993; Garmany et al. 1982). Error in the value of 
the degree of the exponent is higher for massive stars. Naturally, these 
uncertainties lead to uncertainties in number-mass distribution of PSR 
progenitors. We may accept that the size of the birth place of PSRs not 
to be limited with the size of the SFR. This is because the distribution 
of young PSRs and SNRs in the neighborhood of Sun (closer than 3 
kpc) indicate that these objects may be born far from SFR and OB 
associations. 

5. As well known, the distances for radio PSRs and all young objects 
such as HII and HI regions and molecular clouds in average cannot be 
determined better than 30%. Therefore the location of galactic arms 
and SFR, for which we have not detected enough number of massive 
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stars, are defined only roughly. Despite that, their directions are very 
well known. 

6. It is well known that the luminosity of single PSRs L=Fi^d^ mJy kpc 
at 400 MHz practically does not depend on spin period (P) and period 
derivative (P), i.e. the positions of PSRs on the P-P diagram. For 
this reason radio luminosity of single PSRs depend very weakly on the 
magnetic field strength of NSs (B=3.3 lO^^(PP)^/^) and their rate of 
rotational energy loss, E=47r^lP/P^ (Allakhvcrdiev et al. 2002; Gu- 
seinov et al. 2002a). Therefore we may accept that radio luminosity of 
single PSRs practically does not depend on their ages, the masses and 
duplicity of their progenitors (but close binaries may be an exception) . 

7. The average velocity of a single PSR is about 250 km/s (AUakhverdiev 
et al. 1997; Hansen & Phinney 1997). Therefore PSRs with ages up to 
5x10^ years can not runaway from their birth places to distances more 
than 200 pc (which corresponds to 160 pc if we project this velocity to 
the Galactic plane). But even for PSRs whose velocities are very high 
(a very small number of them), it is practically impossible for them to 
pass from one arm to another in a time shorter than 10^ years. Sizes of 
huge SFRs which are located in the arms may approach to 1 kpc. The 
distance between the arms is about 1 kpc or more. Therefore PSRs 
with ages up to 5x10^ years stay at birth places. 



3 Deviation of Star Formation Regions (Part 
of the Arms) From The Plane of Symmetry 
of the Galaxy 

Only old population stars (stars with ages about 10^*^ years) can come to 
dynamical stability. The scale height and number density distributions in 
the Galactic center direction of old and young population stars are differ- 
ent. This shows that old and young populations stars are not in equilibrium 
with each other, because the scale height and density distributions of the 
two populations are different. The total mass of gas and young stars located 
in the Galactic arms is only about 1-3% of the mass of the whole Galaxy 
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and the parameters of these arms change with a characteristic time ~10^ 
years. SFRs in the arms are yet more unstable having ages about an order of 
magnitude less than the characteristic ages of the arms of the Galaxy. Here, 
the arms are neither in dynamical equilibrium with the Galaxy, nor with 
SFRs. Therefore not in all regions on the geometrical plane, arms must be 
coincident with the geometrical plane of the Galaxy. For some regions SFRs 
may stay higher or lower from the plane of the Galaxy. As shown by optical 
observations of cepheids with high luminosities (with long pulsation periods) 
and red supergiants, which are located at distances about 5-10 kpc from the 
Sun, in the direction l=220°-330°, SFRs lie about 300 pc below the plane of 
the Galaxy. At the same distance, in the direction 1=70°-100° it is found that 
SFRs lie about 400 pc above the plane of the Galaxy. The young objects 
closer than 3-5 kpc in the direction l=270°-320° are located about 150 pc 
down the geometric plane of the Galaxy (Berdnikov 1987). Figure 1 displays 
1-z distribution of 108 galactic PSRs with characteristic ages r<5xl0^ years 
and distances > 5 kpc. As seen from the figure between 250° < 1 < 300° these 
young PSRs are below the galactic plane and between 50° < 1 < 80° they 
are above the plane. These data must be taken into account in estimating 
distances of PSRs and in the construction of the electron distribution model 
of the Galaxy. 



4 Distribution Of Electrons In The Galaxy 

Irregularities have been observed in the distribution of dust, molecular clouds 
and neutral Hydrogen (HI) in the Galaxy. It is also natural to expect irregu- 
larities in the electron distribution where the degree of irregularity is (natu- 
rally) considerably small. Considerable variations in opacity and interstellar 
polarization can be observed for stars with the same distance in a very small 
region of sky (~1° square) close to the Galactic plane (Nickel & Klare 1980). 
This is due to the highly inhomogeneous distribution of dust clouds. For 
determination of hydrogen column density along the line of sight, there are 
two surveys that included large number of stars; one with 554 stars (Diplas 
& Savage 1994) and the other with 594 stars (Fruscione et al. 1994). Both 
of these surveys show that HI distribution and its degree of irregularity are 
quite different from the distribution (and its the degree of irregularity) of dust 
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and MCs (Ankay & Guseinov 1998). The dispersion measure (DM), which 
is related with the electron distribution, is different for PSRs with similar 
distances, but for different locations on the sky. These irregularities in elec- 
tron distribution are due to the contribution of both HII regions and SNRs 
along the line of sight, and also the gravitational potential, the gas temper- 
ature and the cosmic ray distribution in the Galaxy. Even, in the central 
part (halo) of the Galaxy, novae and planetary nebulae have very small con- 
tribution to the electron density in large scale and to the background radio 
radiation. But irregularities in electron distribution is considerably smaller 
than the ones in other components of interstellar medium that we have men- 
tioned above. Even though these irregularities are small, there is no simple 
model for Galactic electron distribution to calculate each pulsar's distance. 
Moreover, constructing a complex mathematical model which requires a lot 
of data for different components of the interstellar medium and for PSRs 
(e.g. Taylor & Cordes 1993) cannot avoid large errors in the distances of 
individual pulsars. 

Number density distribution of electrons in the Galaxy depends on the galac- 
tic longitude— 1, latittude— b and distance from the Sun— d. However, in some 
directions the number density of electrons change considerably under small 
changes of 1, b and d. This has been taken into account for a long time when 
estimating the PSR distances (Guseinov et al. 1978; Taylor & Cordes 1993). 
Dispersion measure for PSRs is defined through DM= / Ugdl; where 1 is the 
distance to the PSR and Ug is the electron density in the line of sight. DM 
naturally depend on the number of Hll regions and SNRs on line of sight 
and their electron capacities (Lyne & Graham-Smith 1998). Of course, for 
PSRs with small distance from the Sun the value of DM strongly depend 
on the number of Hll regions and SNRs on the line of sight mainly in the 
anticenter direction. The best example is the Vela PSR. Is this statement 
valid as a rule for distant PSRs (with distances more than 3-4 kpc)? If it is 
valid, the value of DM must strongly depend on the number of Hll regions 
(OB associations) in the line of sight, and their electron capacities. If it is 
true, then contribution of electrons between the arms must be small in the 
value of DM. In other words, when we consider a direction between the arms 
we should expect small contributions to the value of DM. 
As well known, the value of DM for PSRs are obtained very precisely by 
comparing their distances and distances for all objects (including also nor- 
mal stars) which determines the location of the arms. We take this into 
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account and show in Figure 2 the dependence of the values of DM for PSRs 
with characteristic ages r < 5x10^ yrs on galactic longitude 1. As seen from 
Figure 2 there are clusterings in the value of DM around some values of 1 (in 
the line of sight). The clusterings are easily seen for directions 1=300" and 
1=360°. If there are empty regions (where there is no SFR) in the line of sight, 
then there are clusterings. Figure 3 represents the galactic distributions of 
PSRs with r < 5x10^ yrs and shows a similar effect. We compare these fig- 
ures with the picture of galactic arms (see Figure 4) given in Georgelin and 
Georgelin (1976) which was constructed by utilizing the space distribution of 
giant HII regions. Note that the distance between the Sun and the galactic 
center is given as 10 kpc (correct value is 8.5 kpc) in this figure. Clustering 
of young PSRs may be an evidence that dominant number of PSRs are born 
inside or close to OB associations and SFRs. As seen from Figures 2, 3 and 
4. in the directions where the distance between the SFRs are large, young 
PSRs and giant HII regions are practically absent or very rare, value of DM 
continues rapidly to increase. How can we interpret this fact? SFRs and 
OB associations spatially occupy only a small part of arms and their cross- 
section, where active PSRs are born. Of course, electron density and total 
number of electrons considerably increase in HII regions and SNRs. But the 
value of DM, as seen in Figure 2, changes smoothly in the plane of Galaxy. 
Therefore the value of electron density is also large for regions between the 
arms. Naturally the number density of electrons increase in galactic center 
direction rapidly. But this increase depends on and also form the ability SFR 
today in different directions in the Galaxy. In Figure 2, it is seen considerable 
difference between the DM values for PSR with approximately equal distance 
from the Sun (d=5.5— 6.5 kpc) in symmetrical longitude directions 1 about 
300° and 1 about 60°. As it is known these directions have been scanned 
carefully in search of PSRs with almost the same accuracy. 



5 How we estimate the distances of PSRs 

In order to investigate the arm structure and the locations of SFRs around 
the Sun within a distance of 4~5 kpc, usually OB associations, OCs and 
red supergiants are studied. For these objects the relative errors in estimat- 
ing their distances can be 30% (Humphreys 1978; Efremov 1989; Aydm et 
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al. 1996; Ahumada & Lapasset 1995). There is no single good method to 
estimate the distance of all extended objects belonging to the arms (MCs, 
neutral Hydrogen clouds, SNRs and HII regions). In determining the dis- 
tances to these objects using HI 21 cm line and Galaxy rotation models, the 
error exceeds 30%. It is known that it is impossible to calculate an object's 
distance using HI line at 21 cm if the object's radial velocity component 
of Galactic rotational velocity is small. In addition to this, in certain di- 
rections (in the vicinity of longitude 1=0°) and distances the hydrogen hues 
gives two different distance value. However, it is the most widely used model. 

It is a well known fact that no relation has been found in PSR parame- 
ters to estimate their distance. For ordinary distant stars, however, one can 
use the relations either between luminosity and spectral class, or luminosity 
and pulsation period to estimate their distance. In the early days of PSR 
astronomy between 1970 and 1980, since the origin of pulsars, the mass of 
their progenitors and their birth rates were not well known (even worse than 
today). Therefore, a homogeneous electron density distribution in Galaxy 
had been assumed. In doing this, one should also know some of the pulsar 
distances independent of their DM. Thus, PSRs with distances estimated us- 
ing HI line in general are used as an extra distance calibrator (Manchester & 
Taylor 1981). However, later on PSR distances have been estimated accord- 
ing to the rough model of Galactic electron distribution and some natural 
requirements (Guseinov & Kasumov 1981; Johnston et al. 1992; Taylor & 
Cordes 1993; Gok et al. 1996). Nowadays, calibrators are chosen from mem- 
bers of globular clusters (GCs) or Magellanic clouds (MC), PSRs connected 
to Supernova remnants (SNRs) with well known distances and from PSRs 
whose distances are known from other available data (Lyne & Graham-Smith 
1998). In determining the cahbrators for PSRs, distance estimates calculated 
using the 21 cm line are not accepted as a rule. 

In estimating pulsar distances, the model of Galactic electron distribution 
constructed by Taylor and Cordes (Taylor & Cordes 1993) has been widely 
used in recent years. However, in estimating the pulsar distances, the ap- 
proach of Gok et al. (1996) gave smaller distances than the ones calculated 
using the model of Taylor and Cordes (1993) for PSRs farther than 4 kpc 
and also for PSRs with Galactic latitudes greater than about 10°at distances 
d>l kpc. To form a new model electron distribution, Gomez et al. (2001) 
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have published a huge PSR hst which could be used as calibrators. We have 
decided to revise their distance values to use them as calibrators. In Table 1 
we present 39 pulsars for which errors in distances should not be higher than 
30%. Since the distances of PSRs in the same GC are the same, only one pul- 
sar from each GC has been included in the table. Number of pulsars which we 
used as calibrators, is considerably smaller than the one in the calibrator list 
of Gomez et al. (2001). In this table, one of the most problematic calibrators 
is PSRJ0835-4510 (in Vela SNR). Distance of this PSR has been discussed 
in detail by Guseinov et al. (2002b). This discussion shows how much infor- 
mation is necessary to analyze in order to obtain trustworthy distance values. 

Radio luminosity of PSRs should not depend on their birth place and 
should not considerably exceed luminosities of the strongest pulsars (e.g. 
Crab with a very well known distance and being the strongest pulsar in 
Magellanic clouds). Luminosity of Crab is 2.6 x 10^ mJy kpc^, 56 mJy kpc^ 
at 400 MHz and 1400 MHz, respectively. Luminosity of the strongest PSR 
in the Large MageUanic Cloud (PSR J0529-6652) is 6 x 10^ mJy kpc^ at 400 
MHz and 7.5 x 10^ mJy kpc^ at 1400 MHz. PSRJ0045-7319 which is in the 
Small Magellanic Cloud has the highest luminosity at 400 MHz is 9.5 x 10^ 
mJy kpc^ whereas its luminosity at 1400 MHz is 1.3 x 10^ mJy kpc^. There- 
fore the upper limit for luminosities of PSRs might be close to the value of 
1.5 X 10^ mJy kpc^ and 3.5 x 10^ mJy kpc^ for 400 MHz and 1400 MHz, 
respectively (spectral indices of radiation in radio band of PSRs have been 
also taken into account). In our list of PSRs the strongest one among the 
galactic PSRs is PSR J1644-4559 with luminosities of 7.6 x 10^ mJy kpc^ 
and 6.3 x 10"^ mJy kpc^ at 400 and 1400 MHz, respectively (Guseinov et al. 
2002a and references therein). These PSRs have extraordinarily flat spectra 
(Taylor et al. 1996). 

Since PSRs were born in the Galactic plane and surveys have scanned the 
Galactic plane many times, most of the PSRs, especially the farthest ones, 
have small Galactic latitudes (|6| < 5°) [Manchester et al. 2002; Morris et 
al. 2002, Lyne et al. 1998; D'Amico et al. 1998; Manchester et al. 1996). 
As can be seen in our calibrator table (Table 1), there are 14 PSRs with 
\b\ > 30°, 10 PSRs with 30° > \b\ > 7°, 6 PSRs with 7° > \b\ > 3°, and 
only 14 PSRs with |6| < 3°. Thus, the calibrators in Magellanic Clouds, GCs 
and calibrators with known trigonometric parallax's become insignificant for 
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PSRs with small \b\. Only 3 from our calibrator list belong to |6| < 3°and 
have distances greater than 5 kpc. Therefore, for the PSRs with large dis- 
tances and low \b\ values there are almost no calibrators. In addition to this, 
for such distances it is quite difficult to judge the value of the electron density. 

Considering the reasons given above in adopting distances for PSRs, the 
following criteria become very important: 

1. In the direction of 40° < I <320°we see the most luminous PSRs through- 
out the Galaxy. 

2. For all Galactic longitudes (/), pulsars with equal characteristic times 
(r) must have, on the average, similar \z\ values except PSRs with 
T <5 X 10^ years in the regions where SFRs are considerably above or 
below the Galactic plane. 

3. PSRs with r <5 X 10^ years must still be closer to their birth places, 
i.e. in the SFRs. 

4. The PSR luminosity does not depend on / and d, and it should not 
considerably exceed the luminosity of known strongest pulsars at 400 
and 1400 MHz. The value of luminosities at 400 and 1400 MHz must 
at most be 1.5x10^ mJy kpc^ and 3x10^ mJy kpc^ respectively. 

5. Electron density in the Galaxy must be correlated with the number 
density of HII regions and OB associations but not strongly at large 
distances. Electron density must increase as one approaches to the 
galactic center and galactic plane similar to background radiation in 
radio band. 

6. PSR distances must be arranged in such a way that their value should 
correspond to a suitable distance value of PSRs in Table 1 (value of 
DM and the direction of the PSR have to be taken into account). 
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6 PSR Distances and Electron Distribution 
in the Galaxy 

DM of PSRs (or electron colomn density) depend on number density of elec- 
trons and PSR distances. Therefore, if we know the PSR distances, we may 
have correct information about the electron distribution. And vice versa if 
we know electron distribution in the Galaxy then we also know the PSR dis- 
tances. Therefore, there is no difference between electron or PSR distribution 
if our goal is to estimate the distances of PSRs. Of course if it was possible to 
have all information about electron distribution in the Galaxy and construct 
a mathematical model, it would be very good. However, it is impossible to 
have such information and construct a model which would be easy for practi- 
cal use. At the same time, it is hard to use a model for PSRs having large |6| 
values. There exists some PSRs even at galactic plane, whose distances do not 
fit the models. Hence, we have chosen a more practical and correct way. We 
continued the work of Guscinov et al. (2002a) and adapted distances for each 
PSR in such a way that satisfies our natural requirements taking into con- 
sideration the independently known distances (Table 1). Wc arranged pulsar 
distances in different directions for different longitude (1) and lattitude (b) 
intervals. We have divided all PSRs in the Galaxy into 14 longitude intervals, 
and for each longitude interval wc divide PSRs into different lattitude inter- 
vals. For example Figures la— Id represent distance (d) versus dispersion 
measure (DM) for PSRs with -10° <1< 10° and -3° <b<3°; -7°<b<-3° and 
3°<b<7°; -15°<b<-7° and 7°<b<16°; -25°<b<-15° and 15°<b<25°. The 
total number of such figures, where electron distribution is different, is 48. 
As ssen from figures (from the inclination of d— DM dependence in each fig- 
ure) the electron number density depends also on distances from the Sun in 
each interval of 1 and b. PSRs with independent distances listed in Table 1 
are also shown in figures. Our adapted distances for all 1328 PSRs, which we 
have used in the 48 figures in this paper are included in the list of Guseinov 
et al. (2002b). What must we do to estimate the distances of newly observed 
PSRs? Wc must take the figure which corresponds to the direction of the 
newly observed PSR. Then choose the distance that corresponds to the value 
of DM with taking into consideration the value of lattitude. For example. 
Figure lb corresponds to -10° <1< 10° and 3°< \b\ <7°. If PSR has a \b\ 
value close to 7° we must choose the value of the distance close to maximum 
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among the distances which correspond to the value of DM. Of course, if |6| 
is close to 3°, then we must choose the lower distance value. 



7 Discussion and Conclusion 

To compare the distances of PSRs (new distances) that is obtained by our 
model and the distances obtained by the model of Taylor & Cordes (1993), 
in Figure 5 we have plotted out our new distances vs. Taylor & Cordes dis- 
tances of PSRs. For most of these PSRs (from Table 1) almost the same 
independent distances are agreed on, but for some of them we have taken 
considerably different independent distances from that of Taylor & Cordes 
(1993) model gives. The names of these PSRs, as shown in Figure 5, are 
as follows; PSR J1302-6350, J1748-2021, J1804-0735 and J1910-59. As seen 
in Figure 5, the new distances and the distances given by Taylor & Cordes 
(1993) model differ up to more than twice. Most of these PSRs are located in 
south semi-sphere and were discovered during the 1400 MHz survey (with 1 
between 300°-360°). Among the PSRs which are close to the Sun, the great- 
est difference in the distance given by our model and the model of Taylor & 
Cordes is owned by PSR J1939-I-2134 (see the distance value calculated from 
Taylor & Cordes model in the book by Lyne & Graham-Smith (1998). 

To decide which model give the true distances, we need to test. In the 
previous section, in finding the PSR distance we have several criteria. One 
of these criteria is that the PSRs at the same age should be at almost the 
same distances from the Galactic plane. As we said before, the surveys done 
at 1400 MHz scanned the Galactic plane with |6| <5°. Hence, they have dis- 
covered a lot of young PSRs. It is necessary to mention that the ratio of flux 
at 1400 MHz to flux at 400 MHz of young PSRs is several times more than 
this ratio for old PSRs (Guseinov et al. 2002a). This makes the discovery 
of young PSRs easier. In Figure 6, latitude (b)-longitude (1) distribution of 
PSRs whose 1 is between 300°-360° and characteristic ages below 10^ years, 
is given. As seen from this figure, dominant number of these PSRs have 
|6| <2°. In Figures 7 and 8, the distance from the Galactic plane (z) vs. the 
distance from the Sun (d) for PSRs with age<10^ years and in the longitude 
interval l=300°-360° is given according to the new model and old model of 
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electron distribution, respectively. The cone corresponds to 2 degrees since 
most of the young PSRs have \b\ <2° as can be seen from Figure 6. It gives 
the limits of z at each distance d. As seen from these figures there is not an 
important difference neither in z nor in d. For only four of these PSRs Taylor 
& Cordes (1993) model has given very large distance values. This indicates 
that for small b values <2°) there is no significant difference in electron 
distributions of the two models for 1 between 300°-360°. This is in general 
also true for other longitude directions. 

For PSRs whose characteristic ages are between 10^-10^ years, b-1 distri- 
bution with 1 between 300° and 360°, is shown in Figure 9. As seen from 
the figure dominant number of these PSRs have \b\ <5°. In Figures 10 and 
11, the distance from Galactic plane z vs. the distance from the Sun d is 
given according to the new model and old model electron distribution, re- 
spectively. PSRs with high b values are nearer PSRs. As seen from Figures 
10 and 11, for PSRs farther than ~3 kpc, the new distances (d,z) are con- 
siderably smaller than the distances (d,z) given by the old model. It is seen 
from Figure 10 that for all distances number density of PSRs are higher near 
the Galactic plane, and for PSRs farther than 6 kpc the distances from the 
Galactic plane is in average the same. The distance distribution according 
to the old model does not agree with this criterion. Thus according to the 
Taylor & Cordes model, as the distances of PSRs increase, average distances 
from Galactic plane increases. It indicates that the space velocities of farther 
PSRs are larger, however there is no reason for this. 

Acknowledgments We thank TUBITAK, the Scientific and Technical Re- 
search Council of Turkey, for support through TBAG-QG4. 



14 



References 



Ahumada, J. and Lapasset, E., A&AS, 1995, 109, 375 
Alcaino, G., Buananno, R., Caloi, V. et al., AJ, 1987, 94, 917 
Allakhverdiev, A. O., Guseinov, O. H., Tagieva, S. O., Yusifov, I. M., As- 
tron. Report, 1997, 41, 257 

Allakhverdiev, A. O., Tagieva, S. O., Astron. & Astroph. Transactions (in 
press) 2002 

Ankay, A. and Guseinov, O. H., Astronomical and Astrophysical Transac- 
tions, 1998, 17, 301 
Armandroff, T. E., AJ, 1988, 96, 588 

Aydm, C., Ozdemir, S., Guseinov, O. H. et al., Turkish Journal of Physics, 
1996, 20, 1149 

Aydm, C., Albayrak, B., Gozel, I., Guseinov, O.H., Turkish Journal of 
Physics, V 1997, 21 N7, p. 875 

Backer, D. C., & Sramek, R. A., ApJ, 1982, 260, 512 

Bailes, M., Reynolds, J. E., Manchester, R. N., et al.. Nature, 1990, 343, 

240 

Barbon, R. & Hassan, S. H., A&A Sup.Ser., 1996, 115, 325 
Berdnikov, L. N., Soviet Astronomy Letters, 1987, 13, 45 
Blaha, C. & Hamphreys, R., AJ, 1989, 98, 1598 

Brisken, W. P., Bensan, J. M., Beasley, A. J. et al., ApJ, 2000, 541, 959 
Brocato, E., Castelaani, V., and Ripepi, V., AJ, 1996a, 111, 809 
Brocato, E., Buananno, R., Malakhova, Y., Piersimoni, A. M. et al., A&A, 
1996b, 311, 778 

Buonanno, R., Caloi, V., Castellani, V. et al., A&AS, 1986, 66, 79 
Camilo, P., Manchester, R. N., Gaensler, B. M. et al., ApJ, 2002a 567, 
L71 

Camilo, P., Stairs, I. H., Lorimer, D. R. et al. 2002b, ApJ in press, ^stro- 
ph/0204219| 

Camilo, P., Lorimer, D. R., Bhat, N. D. R. et al. 2002c, ApJ in press, 

|astro-ph/0206220| 

Campbell, R. M., 1995, PhDT, 20 

Campbell, R. M., Bartel, N., Shapiro, I. I., et al, ApJL, 1996, 461, 95 
Caswell, J. L., Kesteven, M. J., Stewart, R. T. et al., ApJL, 1992, 399, 151 
Cha, A. N., Sembach, K. R., and Banks, A. C, ApJL, 1999, 515, 25 



15 



Chatterjee, S., Coreds, J. M., Lazio, T. J. W., Goss, W. M. et al., ApJ, 
2001, 550, 287 

Crawford, F., Kaspi, V. M., Manchester, R. N. et al., ApJ, 2001a 553, 367 
Crawford, F., Gaensler, B. M., Kaspi, V. M. et al., ApJ, 2001b 554, 152 
Cudworth, K. M. & Rees, R., AJ, 1990, 99, 1491 

D'Amico, N., Stappers, B. W., Bailes, M. et al., MNRAS, 1998, 297, 28 
D'amico, N., Lyne, A. C, Manchester, R. N., et al., ApJL, 2001 548, 2001, 
171 

Diplas, A. and Savage, B. D., ApJ Suppl., 1994, 93, 211 

Efremov, I. N. 1989, Moskva : "Nauka", Glav. red. fiziko -matematicheskoi 

lit-ry 

Feast, M. W. & Walker, A. R., ARA&A, 1987, 25, 345 
Finley, J. R, & Ogelman, H., ApJL, 1994, 434, 25 

Fomalont, E. B., Goss, W. M., Beasley, A. J., Chatterjee, S. et al., AJ, 
1999, 117, 3025 

Frail, D. A., Kassim, N. E., Weiler, K. W. et al., AJ, 1994, 107, 1120 
Fruscione, A., Hawkins, I., Jelinsky, P. and Wiercigroch, A., ApJ Suppl., 
1994, 94, 127 

Furst, E., Reich, W., Seiradkis, J. H. et al, A&A, 1993, 276, 470 

Garmany, C. D. et al., ApJ, 1982, 263, 777 

Garmany, C. D. & Stencel, R. E., A&AS, 1994, 94, 211 

Georgelin, Y. M. and Georgelin, Y. P., A&A, 1976, 49, 57 

Gomez, G. C, Benjamin, R. A. and Cox, D. P., AJ, 2001, 122, 908 

Gok, F., Alpar, M. A., Guseinov, O. H. and Yusifov, I. M., Turkish J. 

Phys., 1996, 20, 275 

Guseinov, O. H., Kasumov, F. K. & Yusifov, I. M., Astr. Sp. Sci., 1978, 
59, 285 

Guseinov, O. H. and Kasumov, F. K., AZh, 1981, 58, 996 

Guseinov, O. H., Yazgan, E., Ozkan, S., Tagieva, S. O. 2002a ^stro- 

ph/0205540| 

Guseinov, O. H., Yerli, S. K., Ozkan, S., Sezer, A., & Tagieva, S. O., 2002b, 
astro-ph/0206lin]| 

Gwinn, C. R., Taylor, J. H., Weisberg, J. M., Rawley, L. A. et al., A J, 

1986, 91, 338 

Hansen, B. M. S. & Phinney, E. S., MNRAS, 1997, 291, 569 

Harris, W. E., AJ, 1996, 112, 1487 

Heitsch, F., & Richtler, T., A&A, 1999, 347, 455 



16 



Hesser, J. E., Harris, W. E., Vandenberg, D. A. et al., PASP, 1987 99, 739 
Humphreys, R. M., ApJ SuppL, 1978, 38, 309 

Johnston, S., Lyne, A. G., Manchester, R. N. , Kniffen, D. A., D'Amico, 

N., Lim, J. and Ashworth, M., MNRAS, 1992, 255, 401 

Johnston, S., Manchester, R. N., Lyne, A. G. et ah, MNRAS, 1994 268, 

430 

Kaspi, V. M., Taylor, J. H., & Ryba, M. P., ApJ, 1994, 428, 713 
Kaspi, v., & Helfand, D. J. 2002, |astro-ph/020TT83 
Legge, D., 2000, puas. conf., 141 

Lorimer, D. R., Bailes, M., Dewey, R. J., and Harrison, P. H., MNRAS, 
1993, 263, 403 

Lyne, A. G., Graham- Smith 1998, Pulsar Astronomy, Second Edition, 
Cambridge University Press 

Lyne, A. G., Manchester, R. N., Lorimer, D. R. et al., MNRAS, 1998, 295, 
743 

Lynga, G. 1987, Catalogue of Open Clusters, 5th ed. 

Manchester, R. N. and Taylor, J. H., A J, 1981, 86, 1953 

Manchester, R. N., Lyne, A. G., D'Amico, N. et al., MNRAS, 1996, 279, 

1235 

Manchester, R. N., Bell, J. P., Camilo, P. et al.. Asp. Conf. Ser. Vol. 271, 
2002, p.31 

Morris, D. J., Hobbs, G., Lyne, A. G. et al. 2002, |astro-ph/020423S 
Nickel, Th. & Klare, G., A&A Sup.Ser., 1980, 42, 251 
Nomoto, K., A&A, 1984, 277, 791 

Ortolani, S., Barbuy, B., and, Bica, E., A&AS, 1994, 108, 6530 
Ortolani, S., Barbuy, B., and, Bica, E., A&A, 1996, 308, 7330 
Pahrinieri, B., Perraro, P. R., Carretta, E., Pusi, P. P. et al., MNRAS, 
1998, 293, 434 

Parker, J. W. & Garmany, C. D., AJ, 1993, 106, 1471 

Patel, K. and Pudritz, R. E., ApJ, 1994, 424, 668 

Rees, R. P., & Cudworth, K. M., AJ, 1991, 102, 152 

Rey, S. C, Lee, Y. W., Byun, Y. I. et al., AJ, 1998, 116, 1775 

Salpeter, E. E., ApJ, 1955, 121, 161 

Salter, M. J., Lyne, A. G., & Anderson, B., Nature, 1979, 280, 477 
Sandquist, E. L., Bolte, M., Stetsan, P., Hesser, J. E. et al., ApJ, 1996, 
470, 910 

Sarejedini, A., & Norris, J. E., ApJS, 1994, 93, 161 



17 



Strom, R. G., A&A, 1994, 288, LI 

Taylor, J. M., Cordes, J. M., ApJ, 1993, 411, 674 

Taylor, J. H., Manchester, R. H., Lyne, A. G., Camilo, F., Catalog of 706 
PSRs, unpublished work, an extended version of 1993, ApJS, 1996, 88, 529 
Thorsett, S. E., Brisken, W. F., Goss, W. M. et al., 2002, |astro-ph/020"6034 
Trimble, V., & Woltjer, L., ApJL, 1971, 163, 97 
Weidemann, V., Ann. Rev. Astron. Astro., 1990, 28, 103 
Weisberg, J. M., Rankin, J. & Boriakoff, V., A&A, 1980, 88, 84 
Zombeck, M. V. 1990, Handbook of Space Astronomy and Astrophysics, 
Cambridge University Press 



18 



Table 1: Distance calibrators. 



Name 


1 
1 


D 


a 


JJiVl 


He 


Location 


rter 


UU24-7iU4W 


305.9 


-44.9 


4.5 


24.3 





005 


GO JNCjU 1U4 (47 lucj 


[1.2J 


0045-7319 


303.5 


-43.8 


57 


105.4 





002 


SMC 


fol 

[3] 


(Jilo-72zU 


300.6 


-44.7 


57 


125 





002 


SMC 


f/ll 


0205+D449 


130.7 


3.1 


3.2 


140.7 





044 


0"\TT~> 1 on T 1 O 1 

bJNH GlvJU.Y+o.l 


15J 


0455-0951 


281.2 


-35.2 


50 


94.9 





002 


LMC 




neon i^£?cro 

05z9-Do52 


277.0 


-32.8 


50 


103.2 





002 


LMC 




ncQ/( 1 rionn 

U5o4-|-220U 


184.6 


-5.8 


2 


56.79 





028 


bJNK 0184.0-0.0 (Orabj 




U5o5-d9o5 


280.1 


-31.9 


50 


89.4 





002 


LMC 




Uo4U-d919 


279.7 


-31.5 


50 


146 





003 


LMC 




082o-f2D37 


196.9 


31.7 


0.4 


19.48 





049 


Parallax 


Fol 


noo rr /( c i n 

U»o5-4510 


263.6 


-2.8 


0.45 


68.2 





152 


bJNH Cjrzoo.y-o.o (Veia) 


[9,10,11] 


nnoo 1 ntjoo 

U922+UDO0 


225.4 


36.4 


1.21 


27.31 





020 


Parallax 


[12,13] 


095o-|-075o 


228.9 


43.7 


0.28 


2.97 





Oil 


Parallax 


[8,14] 




292.2 


-0.54 


7.5 


707.4 





101 


bJNH G292.2-U.5 


[15,11,16] 


1124-591D 


292.0 


1.8 


6 


330 





066 


sNH G292.0+1.8 


r-i n^ 
[17] 


1 ono 1^ o cr n 

Io02-Do50 


304.2 


-0.9 


1.3 


146.72 





113 


bp Binary, Be 


[18] 


TO"io 1 "iO"in 

Idli+lolO 


332.9 


79.8 


18.9 


24 





001 


GC NGC 5024 (M53J 


[1,19] 




308.7 


-0.4 


8 


730 





097 


biNK GoUo.o-U.i 


[20. 11] 


14ob-Do4v5 


313.9 


-8.5 


0.45 


8.6 





019 


Parallax 


ro-i 1 
[21J 


Trio c nno 


320.3 


-1.2 


4.2 


253.2 





060 


CMD QOn /I 1 o 

biNH GoZU.4-i.z 


[7,11,16] 


151o+UzU4r5 


3.9 


46.8 


7 


30.5 





004 


KjVj in go oyU4 (Moj 


Fi oo ool 

[l,z2,zo] 


T r* oo or* o 1 


350.9 


15.9 


1.8 


62.86 





035 


GG INGG olzi (M4) 


[1,24] 


-\ r' A 1 1 o o Tn 

lD4i+ooz7B 


59.8 


40.9 


7.7 


29.5 





004 


GG INGG ozUo (Mlc>J 


[1,25] 


T Tni on 

1701-30 


353.6 


7.3 


5 


114.4 





023 


GG INGG ozDD \mbl) 


[1,26,27] 


1721-190D 


4.9 


9.7 


9 


71 





008 


GG JNGG Do42 


[1,28] 


1740-00 


338.2 


-11.9 


2.3 


71.8 


u 


Uoi 


GG JNGG 0097 


Fi o/^ on! 

[1,2d,29J 


1 74.8-9091 


7.7 


3.8 


6.6 


220 





033 


on NHC fi44n 

vjr\^ 1 1 v_i \_j \}'-±.'-i\} 




1748-2445B 


3.85 


1.7 


7 


205 





029 


Ter 5 


[1,31] 


1801-2451 


5.27 


-0.9 


4.5 


289 





064 


SNR G5.27-0.9 


[32] 


1803-2137 


8.4 


0.1 


3.5 


233.9 





067 


SNR G8.7-0.1 


[33,34,35,11,16] 


1804-0735 


20.8 


6.8 


7 


186.38 





027 


GO NGC 6539 


[1,36] 


1807-2459 


5.8 


-2.2 


2.6 


134 





052 


GC NGC 6544 


[1,26,37] 


1823-3021B 


2.8 


-7.9 


8 


87 





Oil 


GC NGC 6624 


[1,38] 


1824-2452 


7.8 


-5.6 


5.7 


119.83 





021 


GC NGC 6626 (M28) 


[1,39] 


1856+0113 


34.6 


-0.5 


2.8 


96.7 





035 


SNR G34.7-0.4 


[11,16] 


1910-59 


336.5 


-25.6 


4 


34 





009 


GC NGC 6752 


[1,26,40] 


1910+0004 


35.2 


-4.2 


6.5 


201.5 





031 


GC NGC 6760 


[1,28] 


1930+1852 


54.1 


0.27 


5 


308 





062 


SNR G54.1+0.3 


[41] 


1932+1059 


47.4 


-3.9 


0.17 


3.18 





019 


Parallax 


[42,43,44,45] 


1952+3252 


68.8 


2.8 


2 


44.98 





022 


SNR G69. 0+2.7 


[7,34,11,16] 


2022+5154 


87.9 


8.4 


1.1 


22.58 





021 


Parallax 


[46] 


2129+1209H 


65.1 


-27.3 


10 


67.15 





007 


GC NGC 7078 (M15) 


[7] 


2337+6151 


114.3 


0.2 


2.8 


58.38 





021 


SNR G114.3+0.3 


[47,11,16] 



[1] Harris 1996; [2] Hesser et al. 1987; [3] Feast & Walker 1987; [4] Crawford et al. 2001a; [5] Camilo et 
al. 2002b; [6] Trimble & Woltjer 1971; [7] Taylor et 1. 1995; [8] Gwinn et al. 1986; [9] Cha et al. 1999; 
[10] Legge 2000; [11] Guseinov & Ankay 2002; [12] Chatterjee et al. 2001; [13] Fomalont et al. 1999; [14] 
Brisken et al. 2000; [15] Crawford et al. 2001b; [16] Kaspi & Helfand 2002; [17] Camilo et al. 2002a; [18] 
Johnston et al. 1994; [19] Rey et al. 1998; [20] Caswell wt al. 1992; [21] Bailes et al. 1990; [22] Brocato 
et al. 1996a; [23] Saiidquist et al. 1996; [24] Cudworth & Rees 1990; [25] Paltrinieri et al. 1998; [26] 
D'Amico et al. 2001; [27] Brocato et al. 1996b; [28] Heitsch & Richtler 1999; [29] Alcaino et al. 1987; 
[30] Ortolani et al. 1994; [31] Ortolani et al. 1996; [32] Thorsett et al. 2002; [33] Frail et al. 1994; [34] 
Allakliverdiev et al. 1997; [35] Finley & Ogelman 1994; [36] Armandroff 1988; [37] Kaspi ct al. 1994; [38] 
arcjcdini & Norris 1994; [39] Rccs & Cudworth 1991; [40] Buonanno et al. 1986; [41] Camilo et al. 2002c; 
[42] Wcisbcrg ct al. 1980; [43] Salter ct al. 1979; [44] Backer & Sramek 1982; [45] Campbell 1995; [46] 
Campbell et al. 1996; [47] Furst et al. 1993 

19 



400 



300 



200 



100 



N 



-100 



-200 



-300 



-400 



"1 r 

+ 



+ 

+ + 

# + 
+ + 



+ + 



+ 
+ 



+ ++ 



+ 



+ 



+ 



+ + + i 



+ 



50 



150 



200 



250 



300 



350 



Figure 1. Galactic height (z) vs. Galactic longitude (1) for 108 pulsars with 
age<5 10^ years and d>5 kpc. 
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Figure 2. Dispersion measure as a function of Galactic longitude (1) for 189 
pulsars with age<5 10^ years 
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Figure 3. Distance (d) as a function of Galactic longitude (1) for 189 pulsars 
with age<5 10^ years 
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Figure 5. Our distances vs. distances predicted by Taylor & Cordes model 
for 1318 pulsars. 
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Figure 6. Galactic longitude (1) vs. latitude (b) for pulsars within 1=300°- 
360° and younger than 10^ years. 
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Figure 7. Our distance values vs. Galactic height (z) for pulsars within 
l^SOO^-SeO" and younger than 10^ years. 
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Figure 8. Distances calculated from Taylor & Cordes model vs. Galactic 
height (z) for pulsars within l=300°-360° and younger than 10^ years. 
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with 10^ <10^ years. 
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Figure 10. Our distance values vs. Galactic height (z) for pulsars with 
l^SOO^-SeO" which have ages of 10^-10^ years. 
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Figure 11. Distance values from Taylor & Cordes model for pulsars with 
l^SOO^-SeO" which have ages of 10^-10^ years. 
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Fig.22d 255<l<285, -25<b<-15, 15<b<25 
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Fig.23a 285<l<305, 0<b<3 



Fig.23b 285<l<305, ■3<b<0 
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Fig.24a 305<k325, 0<b<3 



Fig.24b 305<1<325, -3<b<0 
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Fig.25a 285<l<325, -7<b<-3, 3<b<7 



Fig.25b 285<1<325, -15<b<-7, 7<b<15 
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Fig.25c 285<l<325, -25<b<-15, 15<b<25 



Fig.26 325<l<335, -3<b<3 
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Fig.27 335<k350, -3<b<3 
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Fig.28b 325<l<350, -15<b<-7, 7<b<15 



Fig.28c 325<l<350, -26<b<-15, 15<b<25 
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